Improvement of an in vitro stem cell assay for developmental toxicity: the use of molecular endpoints in the embryonic stem cell test.
The embryonic stem cell test (EST) takes advantage of the potential of murine embryonic stem (ES) cells to differentiate in culture to test embryotoxicity in vitro. The EST represents a reliable, scientifically validated in vitro system for the classification of compounds according to their teratogenic potential based on the morphological analysis of beating cardiomyocytes in embryoid body (EB) outgrowths compared to cytotoxic effects on undifferentiated murine ES cells and differentiated 3T3 fibroblasts. In order to identify more objective endpoints of differentiation other than the microscopic evaluation of "beating areas" and to adapt the EST to applications in high-throughput screening systems we improved and expanded the EST protocol by establishing molecular endpoints of differentiation. The quantitative expression of sarcomeric myosin heavy chain (MHC) and alpha-actinin genes under the influence of test compounds was studied employing intracellular flow cytometry. Strong embryotoxicants exerted a dose-dependent effect on both the expression levels of MHC and alpha-actinin and the differentiation into beating cardiomyocytes. Furthermore, quantitative FACS (fluorescence-activating cell sorting) analysis showed the same sensitivity for the classification of substances as the conventional endpoint but allowed a significant reduction of the test period. Within 7 days, maximal expression of sarcomeric marker proteins was observed. Our findings indicate that structural proteins of the sarcomere apparatus, alpha-actinin and myosin heavy chain (MHC), seem to be promising candidates to predict developmental toxicity in vivo from in vitro data. Thus, the improved EST holds promise as a new predictive screen for risk assessment with respect to developmental toxicity using stem cell technology and technological advances in the field of gene expression analysis.